Velocity of debris flow is one of the most important characteristics for the protective construction design. Since debris flows are rare events, and observations are conducted only on stations in Russia, Ukraine, Italy, Switzerland, USA, China, Japan and New Zealand, the velocity is calculated rather than measured. Nowadays, a large number of videos with passing debris flows have appeared on the Internet. Scientists can use such video materials to obtain qualitative and quantitative characteristics of the debris flow. Therefore, the aim of our research is an attempt to measure the debris flow velocity using video materials and compare the obtained results with the calculated values using various methods. The debris flow that came down in Firgen, Austria on August 4, 2012 was chosen as the object of our study. The video was carried out from several angles, so it was possible to select a section of the channel, through which we could measure the debris flows waves velocity. In addition, we calculated the velocities of waves by formulas adopted in the regulatory documents and compared with the measured by video values. During the video analysis, debris flow velocities at different sites were observed: minimum-7.2 m/s and maximum-10 m/s. The calculated values varied from 4.5 m/s to 11.4 m/s. Moreover, we applied model of the transport-shear process of debris flow formation developed by Yu. B. Vinogradov. When we were comparing the obtained debris flow discharges with results from Austrian colleagues, we found out that the values were similar to each other. However, internal scatter in the model changed from 151 to 190 m 3 /s, while in the report of Austrian colleagues the discharges were from 80 to 250 m 3 /s.
Introduction
One of the most important issues that appears during the study and modeling of debris flow processes (in both scientific research and surveying) is the question of the debris flow velocity. In our research, the debris flow velocity is the wave ridge velocity. This value is the necessary characteristic in the design of protective structures.
Data from direct measurement of debris flow velocity obtained during its movement are insufficient [1] . Direct measurement of debris flows characteristics is associated with many difficulties; the main one is determined by the rarity of this hazard.
Applying video materials to define dynamic characteristics of the flow has proved to be a reliable method for obtaining field data of this dangerous event.
Debris flow velocity was defined from the video in the north of Italy [2] [3] [4] .
Video cameras for determining the dynamic characteristics of mudflows were also used in China [5] . In Russia, such studies were also carried out, for example, Values of flow velocity obtained in the field studies, which were conducted after the event, were giving unreliable results, since the methods were based mostly on mathematical models with empirical coefficients.
The possible solution to this problem is to use a large number of field observations of the flows and to measure their velocity during movement.
However, nowadays many video materials have appeared on the Internet, which capture various flows passing. These materials can be used to calculate qualitative and quantitative characteristics of the debris flows, such as the structure rheological type, the flow pattern, the form of the debris flow waves and their velocity in different parts of the channel.
Flow velocity assessment by a video as a method for studying this phenomenon has a number of limitations. Firstly, debris flows often occur in uninhabited or underpopulated areas; there is no possibility to register debris flow waves from the early start until the end. Secondly, during the development of the phenomenon, precipitation of high intensity often occurs, which prevents the event recording. Thirdly, the shooting angle and lighting conditions are the factors that affect the quality of the footage and, therefore, the measurement accuracy.
The last but not the least, limitation is the geographic position, which is necessary for finding the course distance and morphometric characteristics using satellite images. If there are the objects in the frame that can be used for geo-referencing, we can estimate discharge by determining the cross-sectional area of the stream. Under all conditions, it is possible to obtain the maximum debris flow velocity with a sufficient degree of reliability.
The aim of our research was to make an attempt of measuring the debris flow velocity based on the video materials and compare them with the calculated val- 
Overview of Study Area
Eastern Alps are characterized by special geographical, geological and hydrological conditions that define debris flow possibility of formation and the frequency with large volumes.
Precipitation intensity reaches world peaks of 600 -670 mm during two and half an hour. Along northern and eastern ridge maximum values of daily precipitation are 200 -250 mm [6] .
The amount of loose material fan after catastrophic debris flows reaches up from hundreds of thousands to a million m 3 [6] (Figure 1 ). Since the population density in Alps is very high, catastrophic flows are equivalent to national disasters [7] . The first announcement about debris flows in Austria dates to 600, The flow depth was defined by control of scale compared with various objects.
Methodology
For example, man, car, etc. were used. In the ArcGIS program, the necessary measurements of the channel length and width were conducted for further calculations ( Table 1 ).
The velocity determination was carried out as follows. In the software package Shortcut time of debris flow wave ridge movement was recorded at the control points, which corresponded to the steps in the channel. The velocity was calculated as the distance divided by the time.
In this research, velocities of passing debris flow in Firgen were calculated by various methods. We applied formulas of I. I. Herheulidze, V. V. Golubcov, M. nondimensional. Formula was proposed by Kherkheulidze [12] .
In addition, M. F. Sribnyj formula [13] is often used, which in expanded form will be written as: The calculations results at the three sections using various methods described in the chapter "materials and methods" are provided in Table 2 and Figure 5 . Herheulidze and V.V. Golubcov [12] [14] . In fact, all empirical formulas provide an approximate description of the debris flow wave velocity.
Mathematical Modeling
To calculate the characteristics of the debris flow we applied the model of the transport-shift process, developed in Russia by Professor Yu. Vinogradov [15] .
High-density debris flows occur as a result of the development of the transport-shift processes, which are the most frequent and dangerous ones. 
where A-is the coefficient of proportionality (m•s 2 /kg); l-distance over a thalweg; α-the angle of inclination of a debris flow hotbed bedplate containing the PDFB; φ-the angle of internal friction of damp rock (static) composing the PDFB; Q-water flow runoff into the debris flow hotbed (m The debris flow discharges were calculated using the results of velocity measurements from video recording in the channel ( Figure 6 ). Final results are presented in Table 4 . The method for determining the characteristics of the dangerous events from video materials is perhaps more accurate than empirical methods, since the parameters are defined during the movement of the debris flow. When determining the hydraulic-morphometric characteristics of the channel, the parameters may be refined. 
Conclusions

